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ABSTRACT 

PROBLEM TO BE SOLVED: To improve the operating characteristics 
reliability of a semiconductor and to reduce the amount of consumed power 
by forming the pixel electrode of a pixel section into the shape of an 
insulating film made of an organic insulating material having a 
light-reflecting surface. 

SOLUTION: First, spacers, which are columnar spacers, are formed on an 
active matrix substrate. Columnar spacers 173 are formed to overlap a 
contact portion of a pixel electrode 168 in a manner covering the contact 
portion, in a pixel section. Then, an alignment layer 174 is formed using a 
polyimide resin, and then" nibbed to align the layer such that liquid 
crystal molecules are aligned at a predetermined pre-tilt angle. A 
light-shielding film 176, : a transparent conductive film 177, and an 
alignment layer 178 are formed on a mating substrate 175 on the opposite 
side. Then, the active matrix substrate wherein the pixel section and a 
driving circuit are formed is laminated to the mating substrate with a 
sealing agent 179. Thereafter, a liquid crystal material 606 is charged to 
fill a space between both substrates for their complete closure with a 

closing material. 
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(54) [&W©£*] ¥3^B:fc.ktf*©fl«;& 

(57) [Stii] 

[BUS] h y *x«s©#llia!fr|j:att£i, 

fcTFT^ f^K-t 5 fc * K * ©Slit XSMftg t> © i: 

[»*#ai iEiSIel^p^^aTFTIi^j/A- 
K Wf V«it t U n^-y^M'STFTIiGOLDfSit 
tLDD«jgWV-fjx^t-rSo H3iTFTIiLDD« 

itt u, MHftKRrt*MfWftt, fflafeftfetm 
f Toy- h««©±*t»»tfciHM6(»*$md»e)« 




KB** ll H*«cia:*tfcii»TFTt, »B»«w 

flatt: pf^^fiT F T t n ^♦A'ST F T <>: £R 

^r, (MBB»ia*«>pf--r*A'STFTtt, f-r*/^ 

#««K«L-cRtte>*u f-hW&k-K#ttzi. 

ltr# e>n l d Dtm 

5»2»a^nS**fi*««fc* 2}gg© nSPRS* 
4$^gi$ ©^«| R «■ b tt y - * fc tt K ^ >f V** 

e>j«5ift«i)ia s «dc*^ flftEB*«*>B*«*tt* * 

Wt**2]-B*«^K»fcB*TFTt, iJWSfSfl© 
mm\Z p ft^^ST FTin fir^^ST F T k £R 

ivt, 8WOEIIil3KOp^+*^aTFTr±, ^**A 

»4»£©pa*l**««*r*U «JEB»E»©nf- 

AfiHEl^tt LTRtt btiy- h Sffi ir 5 L D 

D«W*:»*i-5llSlti*«nfi^*ll*«*fc, K*l 

as© n a*ffi*ffi#0>#MBi Jt e> ix y - ^ a** 

tt KM yft*tr»riM"5lB 3 SS© n 

£^TU WEf*TFTf4, ft^MM^^ Kf- 

^^/WgjE£fi«^g!LTR»te>ixLDD«*S:}B«i"S 

Wigjo^flllKR^bixy-^WifcttKMvti**: 
rt5*MW* s »dt*^ WEB*tt0>B*«ftl4* jteS 

t'fcot, ■«»fcRttfcB»TFTi, ig»IHK©P 
f t^^ST FTin ft^^ST F T fc fc^Tf 5—* 

<&£ffi£*sv N "C, mJiafgiSBSS^p^-v^^STFT 

**jM*j*«*fc. y^WitttKM>* 

«Sr»ric-rs*4»S©pffl^*fi«l«a«S:^L. SftEffi 



«t, K!Ri«a[©nfi^ie<w«^«^K*te>ixy 

5F«*««ttr*U fflEB*TFTtt, 

ffi«ct, R^^*/UJgfi5tffl«»-abTRtte>nLDDS 

© n ®*««>iS«©*M«l fcR ft b tt y - * fc 14 K 
M v«««r»i*1-5 * 3 iSS© n a^MWMME t £^ 
U «IEB*TFT^-K«W©±HI-. 

»«^4*bJ*6WUi* s »i**^ ttEB*»<&B* 

6»IMUbfc#rt3*U «fE«l«l6»»S , »^b*S*ft 
Sdgfc«tlE^*6^W^^)a5ife«I«Sr»iir5BI 

?L«lc-CH(rEB*TFT^gE«Slx, afl*«R*** 

T'feoT, B*»fcRttfcB*TFTi, BMllBlB^P 
f^^^lT FTi nf^^ST FTt Sr*rr 
©SSl-E^T, i&EintoEI&©P^**A4BTFT 
tt, f-^*/H»*«Wfc* y-^««4fcf4KW^fi. 
i$Sr^-r5^4jgjS© P S^fe^«r ; tt, fliJEIE. 

«k, «»i»«©nfi^tt«««^^*-R»tbfty 

*«4MH#fcfc*U HflEB*TFTf4, ^*/WFM 

© n S*|*»1WiE0>*M*l CR fe ix y - * * fc f4 K 
M 5SB 3 fiffi© n k 

U gfEB*TFT©^-K«S©±«^, 

miii4 N *aiatt**us&E^i»*w»^&*5ift 

fc"C*EB»TFTfc***ix, SW*mi«A s «*Six 

feWikl-S^MMMfiB. 

l^T, «rEB»iaK©P^-t*^STFTr4, f-ir+A' 
y-^«R«*fc*4KM>««*r»fifci"S 



TFTirn^-t^ywSTFTir^y- f«®<i»f?Stt& 

- htticstt-t- s-y- fB»ms«fit»«tttm*»e) 

[f»#«8] it#9 7 lc*i^T, ttEH4M£*«tt$m 
(Ta) , (Ti) , *!iyf> (M 

o) , (W) *»f>Stfixt5E*. tfcliiF 

ittzit&v>>. %tz\mu%m*$.ftb-tz>mm. mm 

[»#S9] »*Jl3**:H:ai*qi4K*JV^T. SfFlEtt 
^^^-IJ-jJS, itflBffi»llHlK<Opf-+^S!TFTin 
f-f^HT F T±lcffM£ftT^£ r t S:««i:i-5 

lit^Jll 0] »#3f 3£fci4»jfcil4i;:jo^T, SftSE 
tttf*^-- iHi, flSSESilE]§&©pf t^v-STFTt 

n f - - v * /us t f t © y - * e$g $ it tt k W' -f vgan £ 

So TJ&jfc SitT> "2Zb b-tZ 

tfx*;M7; ftttaffitttt* % 9*5?**** 5. 

[H*Jll 2] H*gBKBWfcW*TFT£, IffliiiSlS 
©JUiSlc p ft^ST FTtn ft-t/^ST F T t S: 

KBllHliSron^^^/uSTFTCoy- Mtfil t — SSiJSji 
£5 LDDffiif&£Jf2fi£-t-5B 1 Sfi©nS|:*M#)®is££ 

t itSIEHIf T F T b Id y-*SMt£fcl4 K U"f >^i3<£ 

3 gg© n S5F«»fi*sr jgjfti-aia t , 

p ft^/i'iT FTK»y-^H«c^ fc»4 KK Vffiigc£ 
5 * 4 $gro p ffi*ttfc««t:?Brii1- 5 XS t . 
iW!E!pl!)|5]&©nf t*/l^TFTi: pf-y^ufTF 
Tt, MIEBfiTFTt©^- hm«©±Jll;:, $S$|fe 



SlHKRfcJBjfc-i-SISi. SfIIEB*TFTK:SN*r5 

*> b 4 5 *6«Bt±lw«sK1--5 XS t «r*1- 5 r b 

[If*3ll3] ffl*a»rKltfciS3RTFTi:, %m%$!> 
©Bale p ft^ST F T b n f f F T t £ 

ISltf fcigtlilEJSS £ SrH— ©S«± t^ri- £ ¥£##eB© 

St, lttlET*«t±lc*«:©ft«iMH*lSr«*-f5X 
St, «nEfttt^NW*:Ji©a«l$iifc1B«fc, filEiES) 
ls!B©nf+^HT F T©y- h£ffi£-gB#l:fc5 
L DDWK«r«A-f SSH 1 it*© n 3!?ffi«»fitt&ffi?j£ 

IEH*TFT©LDD****J«i-5»2«*©nli^ 

ftfcfcttK, BtrlEiiKiiasSron^-v^^TFTtHSia 

Mi^TFTtlcy-^«4fcl4 h' >m)$i*J&J$.-r 
6*3»a©nS^»ft««S:®ric-t-5XSt, tt&A 
«JNH*»OS«*lxfc»«C. Hul5igKl[HlS&© p f-t 

A-g t f t © y - fc tt K u-r >mt$&tef8L-f 
5>m4fig© P M^Mfe^Sr^j5)c-r5XSi:, huEP 

t@K© n f *;HT F T t l£IjgT F T t p ft 

frumr ft b ©y->«8i©±ai-, ^Jfe^W 

tr»riM"SI«t; «nEH*TFTK«»-i-5i»«ttA 

5 XS. t > . WE*1MftSHWma*b ft 5 

bJ*5B*«SIS:}g*1-5XSi: r fc Sr#mt 

1-5¥«ft:gS©^SS!^i£. 
[|f*«14] -»©S«E^lc« B B B ?rJ5l5}tLfc^a|«:il 

a©^$^*fel-*5v^T, is^sci^itfcii^TFTt^ 

IBtblHlK© p ft^fT F T t n f- 1 ^/UST F T b 
SrKl-tfc-*©S«fi, mrfSS«±ld, TJftKSrffM-t 

|gib[H]S§©nf t^/HTFT©y- Ktt1it-|fI5^a 
<C5LDD««SrJBfiRi-5J|l »«Oni!^«*ffl«Sr 

B<IfEiS*TFT©LDD^^fiK-t5B2jtg© 

a#?$HfcffiiJsEic:, m&Mmm&oni- t^/HTFT 

t mFlSiS^T F T t y-^^«c* fcf± K u-f Vffil|lc5r 

jfM-rsm 3 jgg© n xs t , 

p f t^/uST FT©y-7S«tfcii 

»J*+5H54»*OpS!^tt4WIWc«:»J«i-5XSi, 
mlBEffiSJlHjgS© nft^lTFTi HtJlSiS* TFTi 

p f t *a-st f t i: oy- naoiic mmmm 



feftgt t meswftiHttm *» e> * a fc kk »t 

il t PWL*^ t TBWEB* T F T fcgE«i- 5 ftK&ttS? 
S £ *1" 5 BH«ffi 4r «HE**»*4Mfl6M» b ft 5 !» 
R±t«*i-5xafc«r#U. te#©Stttt'>ft< fcfc 
a^S»«ilS:»J«i-5Xa4r*L. BtrtE«l?Lfc*:feT« 

-%<omm t mt&mjfnm « & w-s-fr* a xa & *i-s 

&B08g<£p?-^/wSTFTin^-Y*/l'S!TFTi 
*ttttfc-:£©»Stt:» (WES&Xt^ TJftKSrJtfcfcl- 

lttlB***«#l«)a«S*tfclR*^, WIS 
ffift@g&a>n^-Y*/l'STFT©-{>'— msi— SB^a 

*5LDD«*SS:»rici-5^1««©nS!^#fi*«««: 

l£> lfflEBBTFTWLDDB#*^Jfc1*5ft2ai&0> 
nfi5FIIIWWJ*r»riM-5iai:, IMBfcRsNMWI© 

t buIHB«T FTi (^y-^@^*fctt 

ffM-f 5 ft 3 g*<75 n S**6*MME fcJBjjrt- 5 xa t , 

©^SftfcBfcfc, iWE!PfblE)S§ro 
p ^ j^/HiT F T <£> y-*^*ffi£ fc l± K W 

IKjEBI&IhIBO n f-r^HT F T tffilBBSfT F T ir 

**ma»e>j*5iifti»Bisr«*rsxafc, 

tma» ib & & t&&it£ie& LT#8Mfta**ma» e> ft a 

168:1814:^1- 5 XSt, ffrE^^^W^ibftS 

c,^5BjgmffiSr^-t-5XetS:*-U 

tcmiaT^$Hfc^ft< i t-octttx^- 
LT, mIIE-*<7)««tgitEte*WS«4ri£^-^-a:2)X 

JgfcfcVT, MEK»JlHlgSOpf--Y^S!TFTI4, tt 
bjS5*&BRfcJ&*1-SXe©*fc. fifjEA##«#Jf 

«*fc»4 k i^-f ymmzrtfc-f zwi 4 si© p s!^*e» 



[H#JSl 7] St*Jgl 2JSMi»#JSl 5(0^Tix^- 
JglC&^T, BilffiB* T F T t . I^BHSBtOiSaiCpf 1 
t^STFTt nft^HTFTtro^- Y%MZ 
B?!M4aH:tt«-»*»fe»fifc1-5Xei:. fitrEB»IU!&*» 

W«tt«-»A» SXS t blitz ^kZW® t-f 

A' (Ta) , (Ti) , ^1)^ 

(Mo) , 9^f^y-^ (W) ^ibillfHfcS^. £fc 

MBa**"*— BEK»Ie]I&0>p^-*'*A'STF 

T t n ^ t^HT F TXIC t^i" £ £ t t + 

[IS*3I2 0] »*fil 4*fc«»*3ll 5|C*5V>T> 

iiiJIB&tK^-f-tf 5 , Bdl5|gtbls!S§Wpf-r^ASTF 
T t nf t^^ltFT©y-^SESSfcft KWVi 

[|«*3S2 1] M^fii 2 7SSBI*5l2 0OV»-fHi>- 
^ x e^*/?, i»fl?Sfll**8*. ^>/w*^9. 

[*W»»»ft«lM] 
[0 0 0 1] 

-T5o #{-*H^I4> BiRSPt-twBffll-KftibHSB 

[0 0 0 2] 

tuT^S. TFTI4^f5^4^0»*±lC«ffil«*felt 



[0 0 0 3] ^I->!)=yK^ItLfcTFT 

tfcv\ ftot, 7 * r -c h y * *sj©?8b1*^ 

Z>tz#><D*-< yfsfm* (iS*TFT) t LTtfflt 

^rtl-Srirli^WCfcofc. ^©fcftlc, TAB 

(Tape Automated Bonding) SiC-^COG (Chip on Gl 
ass) JttKotK7-(Al C4ifS:«M-5ftflf* J 

[0 0 04] y = ^SSS-SttJi t LfcT 

£ ft 0 , F Tdtel-SSjIelSStciS^T n f--v*A- 

ST F T £ p ft^^lT F T t *>6>^5 CMO S ESS 

'Sfcfelctt, ii.*lB5roffe^gB|!jiateS:!^-Sffi±lc-fls 
v [ 0.0 0 5]. 

[|8BiriSfl?ftL,fc5 ti"5SS] TFT©#ttffi*»bJt 

y = vi^^etta t Lfc##«x-cv* 

•5^, SitiiTFT©f|fele:#®[I]&(;:#/SLfcTFT£ft 
Mi" 5 fc*fc*©JK&ieHt«lf ft fc © i ft 0 IS*# 

So 

[0 0 0 6] 0IJ x. fi\ H^T F T iI*lti[H]iH5©T F T t 

<, *©w£a»fcTFTK£#£ft3#ttV>fta»t>-f 

S4-5Tl^5. ■*TFTtinft^HTFTiJ>olE 
£tf3fc©T*£>3„ $f a l4£»ST-IE»£-fr5©T\ 
0*^-CI4^«73lrfi<ffl)X.5fc*lC v H^TFTId 

frJffll|H]B§tfV< y7? [elSSliiSv ^ijmE* 5 Pn*l $ n-s ft 
ft, K*E#W»£ftTfc«*tfcv*J:3iatffifcKit>T 
*5<£.gi5i>S„ *fcm»ESgi!)Bg7JS:ffi*5fci?>ic, Or 
vmS£€ (TFT^^-^td^l-ffiixS Ku^OUffi) 



[0 0 0 7] *7«iilc«t4-(6«i-5fcft©TFT©«j§ 
£ Lt> fijgSKH'V (LDD : Lightly Doped Drai 

n) mmtftobtix^z. z.0m&tt* j t*Aj&tfLW6 

LDD«iPfU-l^, ifc, *y h^f-v y TKi-S 
*Vttj£fit©#fc£r&<'fcft©#&£ LT. LDD«« 

fc, ^WSGOLD (Gate-drain Overlapped LDD) 

&{ls§fc©lfc±fc:W&TfcSw£asfc<bft-0* 

[0 0 0 8] rcoipir, IfTFTt, ->7 h Vi?^ 
9 EK^< >-77 Iel8§ft £*©12i!)[H]8©T F T £ Tli, 
■?:©£# »i&-f Ltl^ i:t*ll4l\ 0H;itt\ 

K*TFTt£:fc^Tli^- M^tftig/^T* (nf 
-^^/U^TFT-Ctt^WflJE) dSRWDSixSiS, igBiHl 
S§<DT F Tli8#l$Kig/<-r 7*tfffiT-ftf£i-5 r £ II 
ftv\ MftMfcHLTfc. H*TFT(iSJ«lHl 

S§©TFT©1/1 0 0£XTX^\ *fc, GOLD! 

a*© l d DflHf £ vc^xfymmm^p .< .4^ -c l 

• ZofflMfrh-ofto S§oT, H*TF;Tlijgffli- : 5 (.-«•' 

i t i ^^^ft:^w-*3v^T, ±x<DTFT^mzmikxfm-r 

5 w t HtiK-f L t # 4 L < <ea>o fc. c © J: 5 ft IMA 
14, =>TFTIC13VT, ^W^tt^JS 

S3, -uttr 9 t 4 hv 9 xMm&&7Fmmzm$. 

* ft 3 ttt!# » * 5 (5 k LT^fc. 

[0 0 0 9] Sfc, nf^^STFTfciypft^ 

^{k^*-5it*^li, TFT©t#v^(ll;E J ^-y-7'^u 
•>s/wKS* (S«) ftif©fflSrMS©©fflrti:i-3^ 
ZtntzMat, T F T *«iSB^ b t m&1r 

[0 0 10] *»WI4C©i5*Ba«ASr»*i-5fc«) 
©ft^T'fct), TFT^ffl^Tf^iS$Jx3T^T-cy-7 

T©ffiit^, lHlK©ai6l-)C CTjg§3ft t © i -f3 r t 
{ciD, ^*«g©ib^ttfcJ:Wf«ttSr[S]±$ 

*>o, <S}|l|*«y3fl:«rBI4i:*K. xafttrMttU 
TS3it=^ h©!S«*sJ:V*aiO©lRl±«:l!ai-5w 



[0 0 1 1 ] 

*Y<omkte£l*&®tiV*%i&1rhtz£>\^\*. TFT 
^**£lft{£/B"f5:: ill *<DiitriStf>XSK:^ 

sx* sml h^-^ft^ssiftxa^fi 1 

[0 0 12] ±BW«jftfc<IHIt1-6fcftK*«««)«* 
f±, B*aH£RttfcH*TFTi:* RBHSB^jSiflJ-p 
ft^/HTF T fc n ^-y^ST F T t SrRttfcSMft 

laffittHI^pf'^^STFTf^ ^Y*/HI5J*«« 
TFTH «^**^fS;fiB#£ 

ft v n l d d {gig t zT&j&tz % i ffig^ n m.^mmw$, 

Jffift«#i«r#W ffllSB*TFTIl. f^>«*S 

(eg L T R tt tu L D D ffiig 

nS!^#fi*fia«co^ii!j(cRtte>iiy--^fia«4fci* 

>T >«««r»J*i-« ft 3 n ffl*tt*MB« t 

U jWEB*TFT<Z>y-h«ffiO±Jffc, 

[ooi3] sfc. ^<o^m<ommts HsMwcRttfc 

B^T FTi, KIB*«fSoHia^p^^STFTi 
n f -V^IT FTt *R»tfc|BKllHlK i: £I*l-<Og« 

«E^-v*/HKfiJEfia«^U"CR»tfeixy- 

KR »t 6 ti y - * WK* fc liKH ^«*fi SrffMi"5 IB 
3«SWnI^tt*S«tS:tL, SuEB^T FTI1 
ftW«t, Kf^/v^fcfcttlwftLTRtt 
*> jx L D D«« 5 ft 2 igjgtf) n 

R«2«sonS5ptt»«tt<o^ffl]tcRtte>ny- 



fell K ^«*r»J«i-5 ft 3 &&<D n 
*E»ffi«i:S:*L, buISH^T F Toy- b«*7)±Jf 

[0 0 14] ft©««ro*fi)itt, -*t«)SffiMf- 

fTFTi, KB^COiSifl^p^-Y^^STFT t n 
f-Y^/HT FTi SrRttfciElblHl&fc St^TI" 
Sffitt* IMHB«lia*«)p^-Y*^llTFTf±, 

?g^ffi*fi»cggL-CR*te>ixy- h«ffit-SBd5fi45L 
DD«««:**i-**i«*^naiTtt»««i, Rft 

i sa^ n a^tt***fl!>^HiiiicR e>n y -*st«* 

liHH y^^Mt 5S38S^n Il*#E*«# 
iSrWU mJlSB^TFTH, ^-t*/WB*««i:. «S 
^Y*/Hgfifcfi«^SfLTR*tfcixLDD««S:JB*i- 

*S«^fiJ^RJt5>tty-^««4fctt KW^W 
«(TE««l^»*m*^*5l6^fcWE 

*«M6»*«-»*» e> * £ s: sill - zmnn^xM 

[0 0 15] teOj6MO*ritfi, -»©S«Pfl^ 

^^^/umr FT t *WttttzMWi^k SrW-t* 5-^^ 
*Ktt, ttErabHROp^^fflTFTtt, f-Y* 

f^^lTFTIt, f-Y*^J*«*t, 8fY*^ 

»j*«W-«U"CRltbixy- h«ffit-SS^ft5L 
i»S©n!I^tt*fiH«^«^R»tbixy-^«** 

t**L, JHEISITFTI4, f--Y^JKj*««fc, R 
^ Y * L TR tt b *t L D D *# S: 

5^2ffigOnS^t)M*i:, Rm2 2gS^nM^^e 

*««^wicRH-e>ny-^««*fci± k w ^m^c 



fc»l*+5*3»£rona**MMH*J:«^rU bUEH 

lb J& 6 MUM £ Rill" 3 M ?Ltt X hUE® 
[0 0 16] ±E**9i©tllJ5fcfc*i^T, ffiEKttBB 

opft^STFTii ftMttSi- y— * 

l\, Z<D£ 5&p^*/uaTFT»i, Tto^^y 
[0 0 17] ±!E*^W©fflf)*lc*3V^Ts fitE® 

ft^iT f t t ©y- hmgii*»?&tt*etfcTOa> 

(T a ) \ f^y.(Ti)., * y y-rX-.(Mo) 9„'X 

*f*=rV (W) ^^jlimfc^/.lfdiMI&'5£**^; 
tob-fiVcS®. *fcliHiflE5t;*^m^t>*fc^-g-- . 

^fcfiBllE7c^3:J&#ii~5§^l:4£h BtfETcSS&fiS;-".' 
to blSf ])■*<< h\ -C*>5r4:*a*LV^ ■'.<, 
[0 0 18] ±12*^Wro«fi£{-*3i/"T, fiEtt 
tf*'*— ItffE^itllHlgSOp^-Y^aTFTin 

^/HT FTtn f t^ST F T£> y— 

[0019] iEraH^srWft-rafcAi^ftwo^ 

StiS^SP^iat-p^+^MTFTtn^-Y^^MT 
FT i &H:rt£KlblIIB i: SrH- ©SBLhfctf-J-S 
ff««ofW*ftK*iv^-C, BflEStRK*SSLTT*BI 

t^, StlEIEi!)lH]K©n^^^/H!TFTroy-h««it 
-»AS*<eSLDD«**»rii-ri*l»lt©na^tt 

it f t b wimmmT f t t ic y-^^s fcfi k u-r 



X8t> 8WBft*t*3f*S©a«Slxfcffl*K, EnJEH 
BBSS© p -t^^STFTOy-^^i/tli KW 
>««SrJK)«i-5 » 4 SS© p ffl*«*WH««r»»£1-5 
Hi, HteJBilliaKWn^ + ^/HtTFTtpf-lr* 
/HTFTh BuEB*TFTt©y-h®H©±a 

tSBK-*-5*R«ttSa5S:W-r5H*«ffiS:v h5E*« 

[0020] ifc, te©HB^i4. mmm^ntzmmT 

FTb, tim%U<Of$21\Z.p s f' J r*A'&TFT b 

*/waT FTi zwitzmmm® t zw\-<Dm&±izG 

«RSr?g«r5XSi:» BtrETSJRilcltftiOfttt** 

*Ji*je*i-sxst. lKrEfttt#**JioaR^ixfc 
ffi&fc, 6tEK16lHlffi©nf--r^STFT©y- Mt 
tS t -SB i>m 5 L D Dffi« Sr^-f 5 IB l WL& <o n M 

T®mmi*i&f8rt-t>Tm.b. mm.a,#i¥m»m<omvi 

£htzm®\z., BtrEB*T F T b <r> L D V$m*J&&t 

. &%2m&<onm^m®w&*w,&-tz>TMb. mms> 

_ .^/wSTFTtHtlEH^TFTir.lC.y-^^fcli K 

v--.;Effi«llelK© P ft^/HT FTffly-xSiifcttK 
:' -, w ySMfMt5!4 jggro P a?$E4Mgtt&£j$ 
tSlgt, BtrEffiftEKOn^^waTFTirHtE 

IfTFTt pft^STFTioy- Y-MB<D±.m 

WS*»e>*5lMMI*r»fifci-5XSi:, buEBSTFT 

J6»**f b * 5 lftl»BI± I - HtrE»«tt4«E»»-SJ 
If -f 5SB^#m^>4^ bfiK 5 «r»*i- hTMb* 

^-tZ>^b*m'®b UtV5„ 
[0 0 2 1] Sfc, te«)38W©«J5Rf±. -»©»RW^ 

(-IS:itfcii*TFTi:. &W*U<r>mm.\z. p ^-y^/US 

TFTtn^-v^aTFTiSrSltfcSBllllKtS:- 

BuEStSXlc, T«SrffM-r?.xmt, 
fSETifiMX l^1t»©a«¥^<$:« 5 XS fc , 

HtrEfttt^flEaroasisixfc**!-, HtEHihBB© 

m®.Zr*l8.1- 1 «g© nS*tt*«««:»J*1-5X 
St, lttEftttJ|«»#Jl©a«l*ixfc**lc, fitEH^ 

TFTtOLDD«*Sr»*i-SJB2ji*©na^*«» 
ffl^lC, HtnEWBligBflJn^-r^aTFTtWEB* 



3»£OnM*ttftfi«£^J*i"*XSt, WIEfttR* 

n ft*^lT F T t fMEIlSiT F T t p 
ST FT toy- h®<SO±l^, &«Jlfe»«Wt£W>e> 

j#-t6Xat. «iE^r*«6*»w»^e>*5***fc* 

|E««li«»W»^e>ftS«68*t KRttfeixfcHIJLSr 
^LTmJElJfStT F T^fttt-f ^JtSWttSESr*"*"* 

-fSXatfrtfU fli*©S«tt'>4<fctaW*«R 
[0 0 2 2] MSOiiSli, -*to*SIBt 

KRttfcB*TFTt* i^B^^lliai-P^^^^M 
TFTi nf^^lT FTt SrRWfcEKliate t 4:- 
#a>S«tt\ SuESSLti^ TMWfc»J*1"6Xai:. 

n f ^^;v!T FTOy-h t — SW s ;fift 5 L D D 
tm**J*i-S W 1 n S!^«ftft*SfiS:JKJ*i"S X 

at, Bwafttt^ff^^aRsttfcffi*^, miisH^ 

T F T i O L D D««*Mt S« 2 nl^F «ft 

sxat* mriE**iN»#jio3wi*jxfc 

««^, gulS|g»[i]SS(0nf--Y^/^TFTtfll2H^ 
TFTi: ^y-^««*fctt K W y««*r»rt"tSlB 

ITFKoy-^SUiittt K^-f^**S:J8J*i"S* 
4iS^pI ; f»We«t sxat* liu!£!gKj[Hj 

S§(7> n f-^/l'ST F T t Butaii^T F T t p ^^A' 

iTFTt^-nso±ii:> aaiaiwfeWft*^ 
^-rsxat. «rEW«i^*#tt*^ft5*ftW«^* 

flHft«l!tfc»wKit fc*LfcBI!?L4:tf LT«EB*T FTt 
J*gH-6*«ttA*E«*:»*i"6Xai, ttEJMMft 

«B*r»J*i-63»fc*#U te*0»Stt'>ft< fcfc 
aW»«KSr»*:+6Xa*:ffU, «uEH7L^a*iT« 
ricSixfc^ft< fct-oott^^^— 
JOSS t *fte^© WR*rte*fo*6 xa*r#"*"5 - 

[0 0 2 3] ±B**W©*«#SE««>fMI**K*V^ 



T, aftEffiltllHlK^pf-'t^SiTFTtt, Rpfir* 

aw*je*i"5xa^ai^ ^m^^^m^miR^ 
titmmzs Rpf^^aTFT©y-^«**ttt 

j&-r5xa£frv\ ^pft^STFT^^* 

4«S(OpS^*E»ffl«t^wHw, 

[0 0 2 4] *fc, ±E**W<o**ftas««)ffiR*ft 
Mfc^T, StjEIiliTFT t, KS*<S5^jaiaic:pf--y 
^/VlTFTi: nft^STFT hW— HtffiSrK 
«M4*«tttm^e>»^5Xai:. «HBB»Eltt*>e> 

*tt*ma»fe#j*-r6xa* **r*-5 - 1 lt 

9V (Ti) , ^y^fV (Mo) , 9^9**?^ 
(W) ^fcSliixfcS*, ifcttffE7c*S:rt5>ti"S 
fls£*, ifcttBdETcXSrta*^*)*/!:^*, 

[0 0 2 5] ±E*»W^¥*#»*^fl*** 
fc*5vvt\ tuEtfcR*'*--^ iMEJeftlHl&Op^ir 
^;vlT FTt nf-Y*^lT F T±l: - t . 

fcflHfttU ttEtttt*^—^ **CB. - 

K)[e]i&£> p ^ -Y */HT F T t n *>^S! T F T <& y 
- * EH *•*: ti K W ^SaSI £r £ o T M&1r £ r t 

[0 0 2 6] 

T^^1-|I1I0III- ± "9 BMiflftRW Srf? 9 . 

6 0 B^^H^TFT*5 t tu t «^*t, 

*^ffi*S^Hia^RJt fehSRttlHlKOT F T fclBlSfc 

^i^1-5*fe^-ov^rxa^-^^oTP*0lc|ftp^i-5o 

[0 0 2 7] SI (A) l-fcV^Ts SSI 0 1 Mil a- 
7 0 5 9^f7^^# 1 7 3 7^7^ftt*t- 

(PET) % *!Jxf l/yf7^U-h (P 
EN) > (PES) ftt'Jt^tt 

1 0-2 otasi&v^STfcb^cfe^fflauTisv^ 

TtftV\ -tLT, StRl 0 l^TFTSrff^-rS^ffi 

y ayR, ^ ^R*fc»IMbR{k^^ = ^Rft 

ifOT*ill0 2tr»*1-*. ^XvCVD 

4 3 * 

y 3 yl 102a^l 0-2 0 0nm (S 1 ^ Kfi50- 



1 0 Onra) % mmzS i H 4 , Nfifrbft&ZtlZmt 
ftft**ft-> U^yll 02blr50~2 0 0nm (» 
JKIil OO-l 5 0nm) tdSBflMI-*. 

[0028] K{b2^-> y 3 >mr^ow-^ww^(o 

Rl 0 2 a tt % Si H 4 Sr 1 OSCCM, NH 3 £ 1 0 OSCC 
M. N 2 OSr2 OSCCMi ITEU^CiAl, £«®g3 

2 5^, KJCE^I4 OPa, 0. 4 1 W/c 
m\ &*J^&Sfe6 0MHz<bLfc o BKfc8{fc**{b 
v'!l3yRl02btt, S i H 4 £5SCCM, N 2 0£ 1 2 
OSCCM, H 2 £ 1 2 SSCCMi: LTRJE^K*AU 
fil4 0 0t, RJ££E^2 OPa, ISitMKO. 4 1 

w/cm\ a«HS»6 OMHzi Lfco riifcoBtfi, Sffi 

[0029] :o<t 5^UTf^SfLfcttfka{k^y ^ V 
gl0 2aft 9 . 2 8X1 Q*/cmVb *9 , 7 

3'{fc**T>'*=*-fc (NH 4 HF 2 ) 4:7. 13%i:7 
yftT^*n*A (NH 4 F) 1:15. 4%*tfft*» 
ffi (^77^^77^ Wp*LAL5 0 0) O20 



[0 0 3 0] fttC, 2 5-8 Onra 3;#^6' 
Onm) ^I^T'Mf«il^tt6^#Il 0.3,a , 

2 10 3a fcttH#Srig*»fiJci-5^ 

Vll 0 2a fclMkRft**{ISS/y a^Btl 0 2 b £7" 
N 2 0, H^bS i H 4 tH 2 iV^S i Hp^Z. 

■et5o iWk*ft**{fcs/y ayiuii o 2 b 

[0 0 3 1] -t LT, ttftftOie*tT^*ft«^W* 
« 1 0 3 a «>bfMMr¥*ftl 10 3b * 

ft) fcSJfl-rsr «rSE©J:5*Xf7^lStE 
AjfeTli, #*U»7>7\ AD^y?^ ^/wn7 



fi^H¥7- 1 3 0 6 5 2#^«TH«*lXfcftllHw« 

or, fitlxi^fflt^^Sftftx^ii^i i o 

3b*rJfcfiM-5::ifc-e*5. ^ B B 0 {t:^xmTii*-f , 

4 o 0-5 o o°cvitiFmmm<Dmf&mzfi 

1^*1-5****: 5 atomic%J&lTICLT^?>^{b$ 
[0 0 3 2] ^ B B B ft^U-lf-T^-/^^Tff 

yuft#ttR!fi#^asaR-r5b«)-e*)*^, mil, 

;U=Sf— 1 0 0-5 0 0raJ/cm 2 (^W^^3 0 0 
-4 0 OnJ/cnOfc-f S e * UTjRtttr-^4:S4E±ffi 

5 5^^*) £8 0-9 8%£ LXftbo ^<D 

xo\zLxmi (b) ^»i-j:5^isjur 2 f £ *#ai o 

3 b £#5 

-. [0 0 3 3] -t LT, ^Sf 1 0 3 b_k\zy* 

•'Jh-rxfl (PMl) &JBl\ 7th!Jy^77^^ 

■y^i:£oT8ftmM*fttti:m, A#¥*S 

Ml 0.4- 1 0 8«rJgj«Li-5p K7-f^7^>^(- 
V-liC^i 0 2 <D^#*£ffi^5 0 *^^7^C 
-•VDifeifctt^^y^ifeilli "9 5 0-1 0 0hm£>J¥$<D 

mit^V 3>JRt-J:5^X^gl 9 4 Zm&'tZo 
[0 0 3 4] r<0^«8"CA^*#*Ji{C#L, T F TO 

L#^ffl«E (Vth) Sr»J»i"5BW"epSS:f+4-i-S 

^WfoltM*: 1 X 1 0 16 — 5 X 1 0 1 atoms/cm'sSO 

#LTpl!t:»4i-5>FI**7C**cr±, (B) . 

7;P^9A (Al) x ^/y^A (Ga) &2?JH£|ft* 

vaA?fe^^-vK-7 e ftS:fflVN5r k&mztK * 

-fd-^K-^ftTtti^jK?^ (B H ) ^y-7,^^i: 

Z D 

LTfflV^^* (B) £??sJD-f£o r^J:9&^J«»5c 

^ N n f t ^^IT F T (D I J t « ^IS ^® 

[0 0 3 5] ElftlHlK^n^-ir^aiTFT^LDDfia 

1 0 5. 1 0 7 ^aRtt^jRjD-tSo i<Dtz 
#>s y*h~?*?2 (PM2) Srffil\ Ui/Xh-?x? 
1 9 5 a - 1 9 5 e iJBfig Lfc D nS^f5ffife 
7C*tLTtt, !)> (P) ^St* (As) Srffl\,\fxtfa 

<. ::t(iy> (p) ^SsADi--<<, y*xyj> 



(PH 5 ) frffl^fc-f^K-^SSrSffil"*. 

ivtzmi ss© n ®*mm®® i9 6 ; 1 9 7 © y > 

(P) Wk&t, 2Xlo"~5X10 atoms/ cm ©ft 

$19 6, 1 9 7fc£*ft5nM£tt J 3-i"5**6 ! &7G* 
©«££ (n") iS-fo tfc, *K«R*19 8i4, 

(D) ) . 

[0 0 3 6] ^Lfc*tt&7c$&EH4fls£** 
Ig*r*T5. f£tttel4, a*#H««fe5 0 0~6 0 0 

tt-i-4 ^©f^MS^ f-fe&itmJsmz 4 

v , o u-^-fc^©^-**^ KrFi^ 
U— if-ft (jgfl:2 4 8nm) £fflV\ Rfttf-AfcEMc 
LT, Sg^Jij£SSc5~5 0Hz, i^-««10 0~ 
5 0 OmJ/cm't Ut«t*-i.rot-^-7 j/7W£ 
t8 0~9 8%fcU-CjfeJELT, Stt^ftJf 

-7*^1 1 9 4tt£©RPire7y«fc 

[0 0 3 7] y-MftlMl 0 9tt^5X-rCVDi6* 
fcl4^^y^ft4rffl<'\ KJ¥5r4 0~1 5 Onmt LT-> 
!I^V%^trlHUtC«Ai"&. 12 0nm©)¥- 

y avRtt, R+©B£Rffi«£aMB3*:*tt-c^4©'? 
c©ffli£i::»bT#*U^$-£fc5. &lft> ^-h*6 

^Rttr <oi 5 >i«flsa[ftvy a >-m^m&nz> t>© 

jgi Lffflv^C'bftv (0i (e) ) „ 

[0 0 3 8] -tLT, HI (E) K5M-J:5fc.. ^~ ^ 
tmSrfflvv 0RI4, ^mttroSte&i&JlRA^S* 

m (a) 1 1 o t&mmfrb&z>&%M (b) m 

*V*>U (Ta) , (Ti) . ^e.y^xV (M 

o) , ^^rx (W) ^f>5ilfixfc5c*, tfettst 
(ttfSMtCttMo-W-^&R* Mo-Ta^4 

K) T-^f&i-ftff&<< (a) 1 1 o\tmt?y 

9 A, (UN) . Ifc^^ty (WN) , SEfl2^* 
> (TIN) R, lftt!)7'f>' (Mo N) 

IM (A) 1 lOtt^^f^yt 
4 p % f ^ y D K» ^D^fyyilt^ KSrSffl 

uttav\ (b) 1 1 1 i±ffi£#rtfc:S:i2*fc» 



K&f&afiKM UT 14 3 0 ppmtTF t k &*»o fc. 
0>J;U4, ?y^f> (W) »±K^)SS*3 Oppmj^T 
tf5rK'20(i Qcm£J(TWitSfitffiSr*a-f 

[0 0 3 9] SJHIl (A) 1 1 0141 0~5 Onm 
L<f42 0~3 0nm) iU R«l (B) 1 1 1 (4 2 0 
0-4 0 Onm («•* t < (4 2 5 0 ~ 3 5 Onm) kirfl\i 

tUfc^^y^St, T/u^y- (Ar) X*kW% (N 
2 ) ^f^^^AtT^mi (A) llllratti'^ 
(WN) "C5 Onmtf>S:£KU&*U "WW (B) 1 

i oSrwr-2 5 oi«©lSK»*t5. *©fk©#£i 

LT, WRf±6 7yflS^v^^X (WF,) fcffl^T 

RcvDSrefciai-s-i v^ntatty 

- hmiSi: LTffiffli-5fc»l-(4(S16^;{fc;Sria5£>S* 5 
fo 19 . W^(Dlg*t^l4 2 0^ QcmWTt-i-5 r k 
LV\ wR»i»i&tt**# < i-5 - t *fflBRRfl:t:H 

5 % */<y*Sfc.fc5#e\ &S9 9. 9 9 9 9%tOW 

W!lA^^v^4 5 t+4»B*bTWR4r»*i-S - t IC - 
4 ?) , iSfit^ 9 ~ 2 0 p. Qcm^r^-t?) - t #"C# 2>« 

I 0 0 4 0] «*1 (A) 1 1 0 IC-T a-NRSr, 

(B) 1 1 lirTaR&fflV^»£-t-l4> 
X/<y#feT»*1-5w-tJiSRrti-C*>5. T aNH(4T 

KrSr»nxT*3<t, »rti-5Rrort«W&**«*^^ 
RO«RS:R±i-5rtA^#S. ataroTaKoS^ 
^14 2 0 n OofiSt?* D hmSt-ftffl+S r fc ^ 
T-#5:6 S , j3taroTaR<Ojgft^l41 8 0/t QcmSa-C 

offiKacv^R*«BS*»^«>^' r©J:lcTaR*r»rt 
■*-jLtfoftOTaR^**lt*e>ix5. HjkU*v^ 

^S, a^mS (A) 1 1 0©TI-2~2 OmM&VW-ZX* 
jjy ( P ) £ K-T'Lfcv'y 3^RS:^bTtJ< r. i: 

©?6#ttlS]±i:K{liK±^il2)i^^i-^ *«■ (A) 

I I o*fc(43imi (b) 1 1 imc*»t8r^ 

*y^%^/4 ? y-l-*fe»^l 0 9(-*t»-tS©SrK<* 
rfc^t?#5„ V^ntcUTt, **■ (B) 1 1 1(4 
ffirL^Srl 0~50|i Qcm©ffillT-f2> Zktfttt.\- 

[0 04 1] JJcli, y*h^*?3 (PM3) S:fflV\ 

112-11 7t»*U (A) 1 lOttti 

(B) 1 1 1 ilr-Stxyf/'/Uty- hSffil 1 



8-122 kmttiifo 1 2 3 ZMtfL-fSo 1 

18-122 1 1 2 &mm (a) a>e>$ 

5118a-123ai, ^SJI (B) ^5>J*5 1 1 8 
b-1 23bt*-*tLT*dt*ixTl^5 (0 2 
(A) ) e 

[0 0 4 2] 3MM (A) ioit/^m^ (B) fciyf 

X, iiSn7'7X'7 (Inductively Coupled Plasma : 
I CP) J.yf-v^3S«4:fflv>5tfiv\ ICPxyf 

I: c F 4 i c .1 2 w 2 *Sfl?Si:*A 

0. 5-1. 5Pa (£?£L< ftl P a) tU 1 



^*8I£2 0 0-1 0 0 0W(7)i^iiS (1 3. 5 6MHz)l; 

sfc^ya^i (y-M6^Ki 0 9>..as>a*?ittt2.. 

fc<fc!K mitmti/V 3^R^JttULfcEtt2 0-5 0 
nmSJtm y ^ > ^ $ ixT ft IC ft < 45. 
[004 3] -tLT, 

5c*aaDG>ig (n k-^xs) ^rtT^o NHS 

118-12 2j3«ttf$*iailftl 2 3 £-7*^ tltS 
]) y (P) 1 X 1 0 16 - 5 X 1 0 19 atoms/cra 3 

o»*«Bt»WiDl-5. roJ:5i-LX, 02 (B) k 

24-12 94r*j*-ra. 

[00 4 4] ftC, n^*/UMTFT^:fc^X, y- 
fctt K u>f t LX«ig+5m 3 «£<D n 

;7*h-r*^4 (PM4) S:ffll\ Uv/^h(7)-7^^i 
3 0-13 4WU nS£f*#r**tt^7C**S& 
ft!UTJB3MOna5FI*IWH*l 3 5-1 4 0 

-T5 0 nffl«r#4-+5^l*«|J5E*fcfi!;> (P) £31 

20 21 3 

l/\ 1X10 — 1X10 atoms/cm <7)jg 

ti5ipi:7t^7^y (PH 3 ) SrE^fc^ 



tyK-yStff9 (12 2 (C) ) D 
[0 04 5] ^LX, pft^l/iTFT^Mt5g 

ffl«ct-r5*4»*^pa^ft«l««l 4 4, 14 5£ 
Jgj*-t"5 0 --XIS, y-htSl 18, 12 0^ 

WlcjB4»ft<0pffi^«*a«S:JBjBR-r5 B r<D<t#, 
nf t^/HTFT«t5l^iMl 0 5, 1 
0 7, 1 0 8H, 7 * h * * 5 (PM5) ^^TU 
14 1-14 3eMliI»IlT^ 
<o |4fia^)pMttWl4 4 s 14 51^*7 

>- (B H ) ^v^tyK-yfiT'Mt^o 

20 21 

ffiJS^stfnV (B) ggft3 X 10 —3X10 atom 

s/cm 3 t^6J:5^-r5 (B2 (D) ) Q :WI4SS 

WpI^iffi»S«1 4 4, 1 4 5ICI1, ituXMK&^X 

U> (P) j&qgSJDSJxX^X, *4MWpI^«ftg 

20 21 
»144a, 145a [-12 1X10 — 1X10 atom 

s/cm 3 ^gX\ »4«£<Dp3PFttftffi#l 4 4 b, 

145bCfj:lX10 I6 -5Xl 0 "atoms/cm'ojKS 

x^rtx^£#, r^xmx^nl-£tf (B) O 

*SS:l. 5d^3ffiFkftSJ: 5l-1~5r tic*?), p 

x«iBi" s ± -cm & ma »* 4 v \ 

,[0.0 4 6] -t*>SL 0 3 (A) jc^i-i 5tc, y-rh 

ms^^t^y- h«t»±^&«affiiMs 1 4 6 

tt««l6»*»»*^*fifci-5. ffiMIl 46© 

ffttl0 0-2 0 0nmtt5o rrX\ tkfc^V 

y- yy^L^-;V (Tetraethyl Ortho Silicate : TEO 
S) t02£&^U S^JE^l4 0Pa, StEfiS 3 0 
0-4 0 0°Ct U, Mfflfe (1 3. 5 6MHz)S^)«S 
0. 5-0. 8W/cm 2 XS®$"±XffM-r5r t^Xt 

VDfeXSiH 4 , N 2 0, NH s ^?>fP»$ixa»{l:2 

frflSltffi^ 2 0 - 2 0 OPa, 3 0 0-4 0 0 

X:tL. (6 0MHz) 1MS0. 1-1. OW/c 

ffltMtSrt^tSc ifc, S i H 4 , N 2 0, H 

i<t > E t i^ic ^7 x-r c v d s t s 

[0 0 4 7] -t<0», -tn-en^ftSXSSJDSlxfcnS 

* fc tt p a 4+ 5 ^m^tm zmmtir z>tm*'k 
fy Kt-7^7^-^ (RTAfc) zmm-tz^t 



*U<I40. lppmJ£iT<^^ll^ t P" C * 4 0 0 ~ 70 
O'C. ft*Wlitt5O0~6 0 0'C-etT5 , b®"C*>9^ 
#Hi6#]T-li5 5 0 < Cr-4B#P B 1<Of\MS4rtTofc 0 * 
fc, SSI 0 l KB^SaMSv^y^s^SS^ffl 

LV^ (H3 (B) ) , 

[0 0 4 8] ffittflS©Itl«>«» Sbl-, 3-10 0% 
©***«tf#H«+"C» 300~4 50U'1~12 

»{*:RICfe*l o"~l o'VcraW^y V^tfVK 
[0 04 9] ftttfcfc XXf^ifOXm^l Ltzb. 

*«ift»**M**»«>**inn»wii4 7«ri. o~ 

2. 0M«i©?^'?^ : S' l ' r ^ 5 » fiiSBttS-i 
KT5K, BCB H//^nyfV) ^SrfiEffl1"2> 

y h?rfflVN8 0^6 O^^M^ffVV 

[0050] r <£>,}: 5 fc, liBiffeiStlBllr*^^^^ 
»S*fef*Kl 4 6 h LT»i*LfcllflS5"J 35* 

K^afl:^ y = >* fcfls* y 3 £* t m^-s-fr* 

[005 1] 7* hv*;? 6 (PM6) 

(SSIfe^i 4 e^yf >^-f5. £?>l^ 

[0 0 5 2] y**** 



SII£t«U 7*^**7 (PM7) 

-^IB«ll 4 8-1 5 2 i K^^EHl 5 3~1 5 8 

FW>i«l 5 7liiS*®ffii: 

T-liiromffi^. T i K?r5 0-1 5 0nm(DJ¥$r-^fiX 

■CT/l'?^!?^ (Al) £ 3 0 0 - 4 0 0 nm£>J¥ £ "C^ 
[0 0 5 3] rO#ttt-C**ft*!y!*fT5fcTFT©4* 
10 0%©**Sr^tP#Hft , fC» 3 0 0~4 5 0"CT' 

i~i 2Btr t gcofi*aa?rfi ; 5 i&<» *>5vm±^?^ 

i o tmtBMlz X <9 14 6^ TtfiBg 1 0 2 

tiWE-rs***** 2 !**** 1 0 4 ~ 1 0 8 

GfrMitZirZ zbhX'ZZ. ^-rtHcLXh. Stft* 
04-10 SQ»OM&&g.&l 0 /cmgTFt 

-TSr £#M*L<, *ofc*^7k*«r0. oi~o. 
latom^gStt-fM-fttfJ^ (8 3 (C) ) . 
[0054] r b LX7&<ny* h^*?lc«fc*>, 

- ©*BLhK, ^DilElSSWTFTfciE^gPWlii^TFTi: 

|l©pf^MTFT2O0, SlSS©nft^ 
/HTFT20 1, |2Opf+^lTFT2 0 2, 
^2ronf- + ^-/HITFT2 0 3, pj|g$Pt-fi®^T F 
T2 0 4, «ltS*2 0 5iW$nTV>5„ 

[0 0 5 5] mWs®&<o%T-<np ! ? J r*' ] '^ TFT2 0 
0lC(±, ftttiMM*:*! o 4K*-r*A«riMW*2 o 

7 a, 2 0 7 b, KWyS820 8 a, 2 0 8 bS:W 

^/VlTFT2 0 ltCtt, 1 0 5 i:f t 

*/H&5fcM*£ 2 0 9. B 1 SISW'FftWSl***^^* 
y-MSl 1 9i«ft«LDDfl«2 1 0, fS3 

^yf!2 1 1%*L-CV>?>. rroLDDffl«^-^3V^ 
Ts y_ h^Sl 1 9 iMftSLDDiKiSfcLoviLT 
^rO^^^/l'ft^iSlWft^^O. 5-3. Ombi, ff* 
L<lil. 0-2. OMmirUfc. nft^STFT 

it 5 L D D«*»ft S * w » ± 5 - ^ l ^ t 

yV**5T»»4trBSff. TFT©^t«rKJti-Sr 
t/5 5 r-t5o ^K[HlS&0^2Wp5 L ^^aTFT2 0 

13, M4jgS<DpM^t)ffl^^E£2)y-^ffl«2 
14 a, 2 14b, KWVffi«2 15a, 2 1 5 b * 



ft*/HTFT 2 0 3 Kite, IWIffil0 7|:f 

**/HMMWE2 l 6, ftl*Aa?MM*a>bJBrt 

y-hmSl 2 1 i-»iSfi4SLDD««2 1 

7, 2i8 N »3«fi(05F«*««^e>^$n, y- 

liOTFT^- httffifcMfeSLovO** 1) 0. 5- 
3. O/i $?£L<lil. 0 — 2. O^mtLfCo £ 

fc, y-hmffita:4b4^LDDffl««rLofftu 

JftKttl. 0-2. 0/iratUc D IITFT2 0 

4\at. &yt¥m»mi osnft««2 2 

l, 2 2 2, »2»A^*tt»«#a>fe^3*t5LD 

D^«c2 2 3-2 2 5, 3§3*A^*ttttffl#a*e>J&* 
Six5y-**fcttKwf >fH#2 2 6-2 2 8^tl 
Tt^5o LDDf« (Loff) O^-Y^Uft^lRl^fiS 
110. 5-4. 0/xm, SiKttl. 5-2. 5/imT* 

fc5 0 tii£j|i2 3h y-hifeii^i: 

tt&frbf&ZtffiJStb. IiTFT2 0 4OKK^ 
«2 2 8^S8tt-r52NM*:S2 2 9 i 2 0 

5#Jgj££*I/0^ 0 El 3 (C) T'(WTFT2 0 4 

[0 0 5 6] Hl-6ttlf*ffl^f3ctf— ®*5>Sr*-f±ffi: \ 

4v*y- hl6»R&fr LT*OT^A#¥*#B 1 0 8 

rt, y-^fW, KKy««, ldd»m^ 

Tl^o tfc, 2 5 6tty-^E»15 2ty-^ 
2 2 6 b<n* s s9 9 hgfl, 2 5 7liKM^E«15 7 
t KW>^«c2 2 8 ^0^y^^ hUXhZ. {ftfif^ 
12 0 511 I*TFT204©KW>f<2 28^ 
b«SEl-5^»#S2 2 9 i^- MSWtr*LT« 

siii 2 3tmtez>m$iX'mf&zixx\,^ 0 zvmmc 

[0 0 5 7] U-ttDWm&lt. BS*TFTt5j:Wffi» 

[0058] mmm 2 ] Affih-cA mn<omAtt»m 



A, t^i/S/3/uK«ft (SI) ttunmzs 

««ffl[«:raH4^SA^*-C«*S*5r t*«t**5. 
— pft^iTFTfj:'>y^KK 

[0 0 5 9] Si\ Uttffill tl^«lCLTEIl (A) - 
El 2 (A) fC^1-XS£m\ y-hfltffil 18-12 
2i:fiEil2 3$teMt5o *LT, n^^^ 
/HTFTCLDDWSrMt^fc^C, 

r r x\t?- ymM*^*? t lt § n a& 

T p f t */HT F T ^Mt 5 1 0 4, 

X, .69 4 ; (A)*l^+Jt:5J-.fttt¥***fcSB2«Ao 

nIJMt} 2 5-1 ?.9tr»J*i-5 D 
[0:06p]'*(:*, nf-^*;l^TFTl£:fcSl*"T\ V- 
^««4fcttKM^ffi«fc.LT«1S6+5IB3«A©n 

*.h©.v;**M;3 0-1 3i4*r»J*U nS^tt^-rS 
^«»5E*4ri^UTJS3||AOna!^*Mfc««l 3 5 
-1 4 OSr^-TS (04 (B) ) q 

[0061] ^<D@L uttey i Lx&m&ma 

-fZBsft^mfrmi o 4, l o 6fcy-*ffi«*5±t*K 

^yS«tt5*4««©pi^ft*S«l 4 4, 1 
4 5 ^Mt5 6 nft^STFT^Wt^iW 
i*gl 0 5, 1 0 7, 1 0 8lt 7* 
TW^ h^*^ 1 6 0-1 6 2^M14I«IL 

«)BW»«»ty-f*a^e>KixTjB4»A^pa^ft 

*ffl«i»4»A^pa!^«*«l«4:^RIt*7'fejx h 

lCLo<Oft$ti\ ftSllft»Jil 4 6^ff^^*BSi-5t 
0>"C*>5A>fe, 1 0 0-2 0 0nm(DS^T*^$tL5 o 

[0 0 6 2] :oj;5ftt7ts/hft«it tftco 



iti/i o^fei/i oo«K«dS*5wt3»-e* 

5 0 »*tt. *««li:n«Kt-CH3 (A) *6>«>I 

^StESr^ricS-frS r. fc a*T# 5 0 
[0 0 6 3] [SHEW 3] Utefll i x~\tV- VW&<o& 

f(l&£2:LT, 4 0 0-7 0 0tO|iTn-/HaoT 

x o tmm&mm,mmtmmmx* i o amsfo 5 . 

U±iBLT^fti\, y-bWiKWIH-sy-hBIM: 
mcttWX'Mf&-fZt, SSffi±J-*5»t55llElUft**s 
#«ttfc** < ft 0 , KIMfiffi<D#»K J: 5ffii&3I3£tf> 

[0 0 6 4] 0Hx.fi. I*«S^VGAWi^ 4 80 

bEiSIt 6 4 0#£>y— ^EH*«j4Six, X 

GA©»*l:li7 6 8#tf>y- hEIIJ: 1 0 2 4*^y 

jv^VyW^ttftWn&Zft'S* Ommift>9. l 
ttroi-Sft***^*********^ ^~ 

•[.0 0 6 5] if, sat« i fc u-cea 1 (A) - 

12 2 (D) KSi-ISMrfT*. *UT, ttm^ftWPfcB 

W%<PX4 0 0-7 0 0°C, ft^M5 0 0-6 0 0 
U'ffHWfc^ *SOfc«-Cf4 5 2 5 , Ct*4l»II]«> 

[0066] msiis- 

1 2 2 kSg&Klftl 2 3S:*J*i-5*Wi (B) 118 
b-1 2 3 b 11, «Ea>e>5 — 8 OnmfDjf^TgSil 
(C) 118c-12 3c«Stl5o M^l »t 
1 (B) 1 1 8 b- 1 2 3b^y^TV (W) 

^\z.\%Wc^^^^ z r^ (WN) asjKricSJv 

(Ta) tom&iatmk* * & (t a n) 

5 0 *fc, (O 1 1 8c-l 2 3d*. **4 

l^-Mlffil 18-12 3*rl8U-CfclRl*«-»J*i'5 
rfc*«"C§5. £?>K> 3-1 0 o%<0**3r&tf#H 

^*T\ 3 0 0-4 5 0ttl-l 2l*M©Jli«!a*rfT 



-5) SrtToTta^ (125 (A) ) D 
[0 0 6 7] femt#ZXffrmitOTm>feTLtzb, 

*«ttJittAl^CuS:**»ii-5W«S (D) 

TiSrO. l-2Sfi%^tfAl^l£ 
#111 (D) (S^-fcT) o 

j§ (D) 1 4 5 tt 2 0 0 — 4 0 0 nm (jff i L < IS 2 5 0 
~3 5 0nm) ti"HtfSV\ ^LT, 7*h^*^£ffl 

IT, y-hE»1 6 3, 1 6 4i5S*E»l 6 5£JB 

J:5^yhx^y/titl (D) 

t^-C#5o *U"Cfillilftll*l 4 6 4rB?j*1"5 
(0 5 (B) ) 0 

[0 06 8] *©t*. HJ&tfJ 1 fc W«K LT*««Wfc 
51, 167. KK>Bll 5 3-1 5 6, 1 6 8 £ 

T?#So 12 6 (A) , (B) ttrottffi(D±EBSr^ 
U 06 (A) ^B-B'^fffi^J:l51l6 (B) <£>C- 
C'BJrBfiiUS (C) <DA-A' teXXfC-C 
TV^. 12 6 (A) , (B) -Ctt^-blMWk 

11 0 4, 1 0 5, 1 0 8^0^£ftTV^ftl^y--*:k5 
j:l5KWVfi«^y-^E*l 4 8, 1 4 9, 1 6 7 
i:KKyEH 5 3, 1 5 4, 1 6 8^ay^n^ 
-^tr^L-C«KLTV^5. *fc. 0 6 (A) <DD- 

D'mm^xume (b) oe-e'istB£07 (a) t 

(B) I^M^t, y-MBJftl 6 3«y-h«« 

lis, ink, i^y-Mfflifti 6 4n^-hms 

122irlW#($11 04, 1 0 5, 1 0 8O*HI"C 

«ft5i5K»*ftn, mmm (o ^^si (d) ^ 
+ft&mx%z>o Sot, a^sp (affi^x) au-r 

[0 0 6 9] [**«4] SOtWi-efRRtfcr^y-f 

Til oSrffl^TRMi'So 

[0070] 7 9 f- 4 7-* h 9 * x£&L\*£MWy tl^ 
010 (A) Tfi, y-^BH: 



tfL-fZo Clftte, T itt£5 0-1 5 OnmOffSXJKjS 
T7;i/;-^ (Al) £ 3 0 0-4 0 OnmCOjfSTig 

ricU SfcKT iKifcttg{fc?-*>' (T i N) Rfrl 

0 0-2 0 OnmCDj? £ XffM LX 3 Bffiigt Lfc 0 -£<D 

1 7 1 ij^mffi nut unifeui 1 4 

7±tC^$ix, I*TFT204WKWyiS»l 6 
[0 0 7 1] Hi 0 (B) -Cttfttj!Hi«|BI«ft»Rl 4 7 

>su&i 6 9*mmmmi 1 1 tm^^^^xm 

f&LtzMXhZ> 0 KM Vffilftl 6 9J4T iK£5 0 — 

1 5 0nm<OJ!£T^J*U y--Xifctt 

U ^TiilCl^TT^^^A (Al) £30 

0-4 0 Onm<0J9£XJ&#LXt!W5. 

fc, ®**Il 7 lfiKM^iffltftl 6 9SrJKfiK-r5T 

[ooj t 2:] 'fflmM&vttWfc, mtJyWJ* (i 

■^Q;)iW^^|(^X^ (I n 2 0 3 -S' 
n0 2 ; „I TO). b 2 

•fflv >*-}RriJ't.Tffl-v ^.r i 6o c tf> J: 5 

fell TOO^y^>^liJSaE*S58^u^v^^T, ^ 

f - ^ ^ jd xtt ^ * fc » mt<f > v $ a g^ta $s 

(ln 2 0 3 — ZnO) S:ffl^Tt,ft^ 0 Wd^V 

v i±mkm^&\m^mmcmti. ito^lx 

mt&&i (ZnO) fcSLfc##Xfc9, ^bl-FlfiJt 
OSifl^^lS^Sriilii&Sfcfc^^y (Ga) £iS 
*OLfciMfcEf& (ZnO:Ga) fciTSrffl^S r fc 

[0073] roiSKLT* 3ilS«)M*^3SC^ 

"CSS. *3Hfc0»Ttt, «6«l tH«4lStLTtt 
But*, r©J:5^*^HtSll6«2 J t>j|««3-e»-t- 

[0074] 5 ] xmmmxi*, mmm 1 

m$HX'^LtzT?T-<7-? h ] J ^^S«t7)TFTC0ffi 

^U-if-T--/Wffi, *fcl±RTAi£4ifT*jg*<t;$ 
■frT»dE1-S*S, ZOmzftfflW- 7-130652 #4^ 



o 

[0075] us (a) x-TF-txi^ mmmitmm 

\Z LX N #7 *gffi 10 1 ±{^T%K 10 2a. 102 
b. #i&®^ftJIl 0 3 a £2 5-8 0 nmtfW £ X?I5 

tp*»« ^ * tr > = - h t x mmytm zsm- 

£«1 7 0SrffM1-5 0 ttffi7G*Kte-y^ (N 
i) , *fiv^=.i?j* (Ge),R (Fe) , ^y^^Jx 
(Pd) , *X (Sn) % $S (Pb) , (c 
o) , S4(Pt) ,S (Cu) , & (Au) <fc4fT-*> 

«6ott^^/< y 9 m**£m*mz x o x ±e««5E* 

<7)S £ 1 - 5 nra^J? S J^fiR t X t ft V ^ 
[0 0 7 6] ^LX, 0 8 (B) |:Stfef B fk©II"e 

£-r 4 o 0-5 o o^xn^raasojR&asrfi 

V \ ^Ai y '=» VlKo^Tk^SSr 5 atomic%WTI- 
m*iw^5V^X 5 5 0-6 0 0°CX 1-8 B#P^O^T^- 
& H B l*#»il0 3c^#5:tm5 (B8 

(c) ). e L^U, rojRT^-zHcioXf^KSixfc. 
^f B H^^ftl io.3c ii x %4VWM*K J: «9 

v#ft&xi*4 8 0cm" ! |c:yD- Kfttr-^Srfto^e*. 

o 3 c^&aux*o*siittS:iii«)sr ttt*8b/^a 

[0 0 7 7] ±5«-LXffiH*itfc«ftK#»ft 

1103c d>b 1 0 4-1 0 8 Srf^R+il 

tf, *JS$ll tl^SllCLXT^T 1 ^^ h y t*ws& 
Xv-y =1 >^ B B 0 {t:$:ftg1- SttM^lr^ffl Lfcli 

fttt*»*BI+^tt»i: (l x i o 1? -i x i o' 9 

atoms/em's*) <toteWk%%ftWmi- Z> . ^3 SI, 

o-oicyy (p) {zxztfyfv^sftmzmRi-rz 

[0 0 7 8] rostticfcJtsy^ (P) jcii^y^ 

y v^toin 1^3 (b) t?rw Lfcfittfcia-crawF 

?y^i:es^yy (P) coffig^®3SS^nM^ 

#E*fiB«o^«te»s t laasx x < , ftttibxm^^ 



])> (P) Sr^i-6^tt»««c^ffl«f$ii:5r:t^-c 

Jgcdtt 1X1 o"-1X1 0 atoms/cm 8l£^tt4SE5c 

*#(B«fUfc. :wi5iaTttBLftTFTii*7« 

[oo79] ciosey 6 ] ^mmmxnmmm i -eft* 

Ell (A) S3 (c) (OttS^T^x 

iift^^— ^©WWfclRfett&v^ 0Jxtf> JSR 

$ U^y^-^y/^^ 1 5 0~2 0 O c C"Cfln$L"rEE 

7 3 t ft 5 i 5 

fcir^l-AftWi-tt, SSSHSrl. 2~5j*m£U¥ 
^SLl*r5-7Min, ¥^¥&L 1 ^jES£>^L 
fctt± 1 5° £JlTi:"f-6o 

[0 0 8 0] tt#c*-<— 9-oia«tttt*icft^i"tttf ft 
v^s. #£L<{*, Ell (A) T?Si-J:5fc, W*£& 

b«tl;iaT*o»»*:«5 7 3 

[0081] eiPiR 174 zmtist-tZo 

2«:»*L-C*J< fc, ^^-f-^LT^*5fecoS#li:> 
IMtfta>fe T F T «:«»i-5ab*S:»5 w fc #-C# 5. 
[0 0 8 2] #fi«<£>#[p]g1£ 1 7 5 Kl*, mitWk 1 7 
6, SK»«Rl 7 7*3cfctfK|plRl 7 8^M1"5c, 



gJtRl7 6ttTi, Cr, A l ft if* 1 5 0 - 3 0 0 

»ji 7 9TlA9^^r5 0 *>-y^Ji 7 9\aty^y- 

fl 7 2, 1 7 3i:iot»-4IW»S:»ot 2tfe^S 

fen*. *<&gL ffi&1R<Dmzi&&tt® 

rOi9t-LT@ll (B) [CTft-t-T 9 ? 4 7*7 h V 9 
[0 0 8 3] 4fc, 11 1 9 \C7F-t£ 0 K> EAR 1 7 4 

[0 0 8 4] 011 "CH:*'*— If 1 7 2 £^K)[h]&<£>T 
FT±<D±EK^t"£#J£^Lfc3N (21 2fc»1"J: 

^(crtD^^-^^mSiSl-^J^^^-* 1 7 2a 
-172e^LTMtt 1 i)6v\ BftlBWS*»J*Sil 

T^5«#KRtt3*^-iHi. roi5l- / >ft< it 
}gj5Jci-ntfftv\ roi5ft*^i:1"^-ticJ;oT, 

B»@»©#TFTfi, (RKftftRl 4 6 ^IPflJfe&R 
147t *^<— f 17 2 ^/cii*^-^ 1 7 2 a - 1 7 

[0085] BUttT^f^^HJ^ Xgtgtf>±B 

mmKmWi^t tr^sm 1 8 5 tiSflWi- 

PU^*5 -ft if (?5{f ^aiHlK 1 8 7fcfl-flD$*lT 

3 iCcfcoT^SBAfflMB- 1 8 2 i: jBBRSftTv^o IB 
8 8 "ettjfe*fS#iEKlI3te 1 8 S^bttft-f 5^ 

- msmpi 8 9 1 m^m^wsm^ 1 8 6^ibi6t 

ML, ^B^^^ ; etl-?nB^TFT2 0 4 fc««* 
*2 0 5^RttbiXTV^ 0 

[0 0 8 6] B^ajcisv^TRtf btv5tt^^^-i^ 1 

7 3H i-^-c©if«twa-LT«rt-cfcA^*s, 

-1J-<oS<D«£f2 2 o-i o 0%t"TSi:ftv\ ifc, 

■ttH*ttfcttttS*^--!>-l 7 2, 1 7 2\ 17 
2" tt*©^BS*r«5 ±5JwRJtTtft^U Bl2t 

^Lfci5i^TFToy-^ib*«t^KW yffil^fi 

[0 0 8 7] i/-/v?B 1 7 9 It, Sffi 1 0 1 Ji^lS^glS 
1 8 8*5it/*fifi-S-WJ»IHKl 8 5, B^fS**i«lH3 
SS 1 8 6 , %<D{&<nm j %&miB\'& 1 8 7 <&*MH-C*>o 

^SBAffl*«^ i 8 2 i 9 trtli:Mt5o 
[0 0 8 8] :^i9ir^r^-7M^i$ B B g $ 



0 l±fc»j*£ilfc, B*S&18 8i:, £3£ff 

& 1 8 5 1 . mmt^mm^te i 8 6 1 **>teo«-§-«i 

SlElSS 18 7^: -e*j*Six5o H*SP 1 8 8 KftlliJiT 
FT 2 0 4 i &mmi 2 0 5 htl, Hit StfOji522 

0K186 tt*jx-e*xy- me* 1 2 2 1 1 

5 2tI*TFT2 0 4l^ltl/^o 

is-f/uyy y ME&& (Flexible Printed Circuit : F 

po 1 9 i»fmxt)m=f-i 8 2{z.&mLx^xm@L 

ff^ft££A*1-5S>WBV*5. *LTg3KiE«l 8 3 
[0 0 8 9] IH 1 8 lifl^Affi^iffii 1 182tFPCl 

9 1 kvmmmm&m.wtzmxhZo tm^mjim* 

1 8 2tty-^B»ifciiKW ^ElftiH 

«tt&*«t**e>«fifesji, JinjAflUKi 4 7*»4sji 

fcStRl 0 l±lcffM£ti£ 0 FPC191tt#y>fS 
Kft if co*««B§7 >{M3 0l £MEft 3 0 2 

^«mtt^S5rW"t-5^3 0 4fvJ: , 9.*^^n. r 
0 4as^«AtH'***-I-8--2 -£MEift3 0 ,2 £ ... 

F PC 1 9 1 ttgfcl 0 1 £<Dg^&ftS:i!5»5 

£ft5<t*K:, SSBKIl^SgJf 1 9 2 tfSRlt bJxrogp 

[0 0 9 0] 0 2 oui^-fj: o \z. s ^Affi^jS 

?182tFPC191 i<0&tt#it«:H--fct>tf>i: L 
T, /uJBl 7 9^Mdt>^^— *1 9 9S:Rtt, 

ft**!*. «rC ^WAtf^S^l 8 2*«ttl<**5fc 

[0 0 9 1 ] r J; 5 ft*#<D«S**3£«tt:* 

-t-srt^TtSo Ute^o i - 3 -e^-r 7 ^ -r >< ^ h 

[0 0 9 2] [3i*£#j7] Ell 7(iHJE0iJl~4T^t 
fc7 * X 4 h y * *XffiO@&«J*<&-fflT-fc 0 > 

r^vhy^ *S«li. Mlftff #KU[Bll& 18 6,* 



(A) (B) 1 8 5, Wm%\ 8 8£mPT 
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